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General classification of space-

weather models

« The DBM: a ,,tool” for prediction of ICMESs
propagation in the heliosphere — primary task for
space-weather forecasting

 modeling and forecasting can be divided:
- a) purely empirical/statistical methods
- b) kinematical-empirical methods
- b/c) analytical (M)HD-based models (DBM)
- ¢) numerical MHD-based models
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The DBM hypothesis

« The DBM hypothesis at large heliocentric distances:
- the Lorentz force ceases in upper corona

- ICME dynamics is solely governed by interaction with
solar wind (ambient) < observational facts:

« fast CME - decelerate } v w
« slow CME - accelerate

- collisionless environment:
« low viscosity
* low resistivity — dissipative processes are negligible

- momentum and energy are transferred by
magnetosonic waves
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The DBM equations Iin general form

At heliocentric distances beyond R = 15 rg:

net acceleration (drag is dominant): a=eaz+a;+qa,

equation of motion in quadratic form (Cargill, 2004):
R"(t)=-y(R)[R'(t)-w(R)]IR'(t)-w(R)
parameter y:

ApSW « for R >»1r, =
YyxCy M M =M. + M, = const.

LDB density expression (Leblanc et al., 1998):
k, k
ny(R) ot —

k6
+—+ for R>1.8
k,=3.3x10°> cm™,k,=4.1x10° cm>,k,=8.0x10" cm’

"R* R' R®
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Solar wind perturbation

- stationary and isotropic INPUT:
. density flux conservation w(R), w_, y,
« unperturbed solar-wind speed becomes:

k .
wo(R)=w,[1+ 4/§2+k6/k =limw,(R]]
R /7
- total solar-wind speed with pegfitrbationyterm w,(R):
4

A « R?

+ ,,Cone (w.(R
Geometry—": W(R)_{ ol

 leads to: ¥, =I>x107 lan”'

y,,=lim Y(R)]
L R>x
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Parameter y, SW density and speed

R []"@]
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Options of ICME cone-geometry

ICME to the
direction observer
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DBM with constant w and

self-similar CME geometry

apex to the

* solar-wind speed w: A e
- 1isotropic and constant

— parameter y is constant as well i} [ e

« ,self-similar” CME expansion:

- the initial cone-shape of CME is
preserved during its
interplanetary propagation

« for a given set of input
parameters the model provides
the ICME Sun-“target” transit
time, the arrival time, and the
impact speed

ecliptic plane

top view
of Sun
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Basic w=const. & SS-expansion
(http://oh.geof.unizg.hr/~tomislav/CDBM-SS/)

Forecasting the Arrival of ICMEs: The Drag-Based Model
with constant solar wind speed and self-similar CME expansion

J Basic DBM | Advanced DBM || Documentation

CME take-off date:
CME take-off time (UTC):
y - constant drag parameter; %1077 km1

w - constant solar wind speed: lkkm/s
R - starting radial distance of CME: Fsun

vp - speed of CME at Rp: km/s
Select target from the list:

© Tomislav Zic, Hvar Observatory, 2013

Zadnja obnova stranice: 8.4.2016.
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Advanced w=const. & SS-expansion
(http://oh.geof.unizg.hr/~tomislav/CDBM-SS/)

Forecasting the Arrival of ICMEs: The Drag-Based Model
with constant solar wind speed and self-similar CME expansion

Basic DBM | Advanced DBM | Documentation
CME take-off date: L apr v |e v |o016fTs
CME take-off time (UTC): h Kl min
y - constant drag parameter: 102 e
w - constant solar wind speed: km/'s
Rq - starting radial distance of CME: Fsun
vy - speed of CME at Rj; km/s

A - CME's angular half-width:
@ eme - central meridian distance of source region:

Select target from the list:

© Tomislav Zic, Hvar Observatory, 2013

Zadnja obnova stranice: 8.4.2016.
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Results w=const. & SS-expansion
(http://oh.geof.unizg.hr/~tomislav/CDBM-SS/)

Forecasting the Arrival of ICMEs: The Drag-Based Model
with constant solar wind speed and self-similar CME expansion

J Results | Kinematic plot || CME geometry plot || Documentation

Output:

CME arrival at target (date & time): 14.04.2016 at 18h:12min
Transit time: 50.20 h
Impact speed at target (at 1 AU); 634 km/s

Input parameters:

CME take-off date & time: 12.04.2016 at 16h:00min

v = 0.2x1077 km™!, w = 450 km/s,
ng — 2 Feune Yo = 1000 |<IT1X5, A= 307 PLCeme = ae

Rtarget = 1 AU, ®Prarget = 0°

Calculated in 3.15 seconds.
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Plots w=const. & SS-expansion

(http://oh.geof.unizg.hr/~tomislav/CDBM-SS/)
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http://oh.geof.unizg.hr/~tomislav/CDBM-SS/
file:///C:/Users/Tomislav/Dropbox/Radno/2016-04-10%208th%20CCMC%20(Annapolis)/Presentation/SS.gif

Online applications of DBM with

w=const. & SS-expansion

Forecasting the Arrival of ICMEs:
The Drag-Based Model with constant w and y

Basic DBM

CCCCC ke-off date:

Apr v B v 2016

&' NASA Goddard 5
Space Weather Research Center

(http://swpc.noaa.gov). This “Experimental Research Information” consists of preliminary NASA research products and should be interpreted and used

(e
CME Arrival Time Scoreboardh

cmi research community A
The siling Con S

>>Click here to go to the CME Arrival Time Score

Iyical tool which

CME Propagation Models

Used on web pages of:

ng the Arrival of ICMESs:
.unizg.hr/DBM/dbm.php

. The COMESEP alert system:
http://www.comesep.eu/alert/

ESA Expert Service Center for Solar & Heliospheric
Weather:
http://swe.uni—graz.at/indeX.php/services/cme-forecas

. Space Weather Database Of Notifications,
: -1 Knowledge, Information (DONKI):
http://kauai.ccmc.gsfc.nasa.gov/DONKI/

. CME Arrival Time Scoreboard - NASA Space
Weather Research Center:
http://swrc.gsfc.nasa.gov/main/cmemodels

(courtesy of Leila M. Mays)

] CCMC Contact:
4 Leila Mays
(M.Leila.Mays@nasasgovVv)
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DBM with w(R) and CME leading-

edge flattening

apex to the
A target

« solar-wind speed w:
- is radially dependent: w(R)

— parameter y becomes
function of radial distance as
well: p(R)

 each CME leading-edge
segment propagates
independently

etelhdp il iR ih Il Hala e

— the initial cone-geometry
flattens

top view
of Sun
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Plots w(R) & CME edge flattening

(http://oh.geof.unizg.hr/~tomislav/DBM/)
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D5 i ] 35D [ - &00 Gg
300 |
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CME 200 were
Output:
150
05 L ] - CME arrival at target (date & time):
' -60° B0° 100 14.04.2016 at 18h:20min
- Transit time: 50.35 h
Target 50 - Impact speed at target (at 1 AU): 633 km/s
1 F -30° @ Earth 30° - Input parameters:
0° 0 - CME take-off date & time:
L L L L L 12.04.2016 at 16h:00min
1 0.5 0 05 1 ~ . =0.2x107 km, w,, = 450 km/s,
Al
. . . . . - Ry =20rg vy = 1000 km/s,
« LEFT: Cross-section of CME propagation in ecliptic plane A = 30° (SPCMZ —0°
 RIGHT: Propagation of '+ CME' point in geometry plot - Riger = 1 AU, @y = 0°

) Calculated in 13.48 seconds. 15
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http://oh.geof.unizg.hr/~tomislav/DBM/
file:///C:/Users/Tomislav/Dropbox/Radno/2016-04-10%208th%20CCMC%20(Annapolis)/Presentation/FLT.gif

Example of DBM + ENLIL model

(http://oh.geof.unizg.hr/~tomislav/DBM-ENLIL/)
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date

200 w(R), y(R) - CME-edge flattening
» drag parameter: I' = 0.2

e initial CME distance:
R, = 31 ry

 initial CME speed:
Vo = 1000 km/s

 CME half-width: A = 60°

100

« LEFT: Cross-section of CME propagation in ecliptic plane.

The CME take-off time: February the 10th, 2009 at 06:13 UT. ‘ launigioﬁg CME meridian distance:
(p =

« RIGHT: Propagation of '+ CME' point in geometry plot
target: Mars 16
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http://oh.geof.unizg.hr/~tomislav/DBM-ENLIL/
file:///C:/Users/Tomislav/Dropbox/Radno/2016-04-10%208th%20CCMC%20(Annapolis)/Presentation/MARS_cnf.gif

Automatic Fitting

« INPUT: observed ICME dataset:
{(Ry,Vyp),-..,(Ry,vy) }

« OUTPUT: DBM parameters
(1—" Woo: ROI VO)
« The least-square fitting (LSF):

- successive variation of DBM
parameters — minimal deviation
between observed v; and DBM-

calculated speeds v(R)):

1 N
O(FIleROIVO):\/(N+1)Z(:) [vi_v(Ri)]2
- O-min -
— the best (T, w,, R,, v,)

« for real-time space-weather
forecasting (successive fitting as
ICME propagates)

The fltted standard dev1at10n a

. is smaller than the observed a !

) SD of observed . ' dataset from |
500 - dataset: Temmer et al. |
[ 0, =4281km/s T T (2011)
= —Ml '4-‘|‘-T—T—T-T j
300 - Automatically determined DBM parameters: __
- I'=2.84
- w_=433.04 km/s
. v, =229.50 km/s —_—
. R,=1417r, @ e
200] T, ", Gmn= 2987 ks, G,y = 7.50%, S =0.67 L
L O L L
0.2¢F b)
0.1F 7
O .
—0.1F .
0.2 ol R R
50 100 150 200 250
R [ro]
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Conclusion

 The drag-based model is useful because:
- it is simple, fast and versatile

- its accuracy is not worse in comparison to the other
advanced models (Vrsnak et al., 2014)

- it is suited for a fast real-time space-weather forecasting
(Zic et al., 2015)

« Drawbacks:
- the magnetic field/Lorentz force is not included in the DBM
- CME-CME interaction is problematic for calculation

- the DBM is not basically designed for usage in a complex
heliospheric environment
(Will DBM + ENLIL provide better forecasting results?)
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Thank you
for your
attention!
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